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(7 J The CAMS system
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‘ Evolution of the CAMS global system

500nm AOD vs Aeronet (L1.5)
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nitoring

Latest CAMS global system (IFS cycle 43r1, from 24 January)

* New source of anthropogenic SOA based on scaled CO emissions
e Faster sulphur cycle (SO, - SO, conversion, deposition)

e Adjusted regional dust emission potential and size distribution

CECMWF Gpemious - European

Europe’s eyes on Earth



amosphere Part of the OM species

Monitoring

e Replaced the Dentener et al. (2006) dataset
with scaled anthropogenic CO emissions -

e Better representation of the anthropogenic nl
impact on SOA production

* Increases SOA production from ~20 Tg per
year to ~140 Tg per year, closer to most
recent estimates.

flux in kg/(m?.s)

Samuel Remy SECMWF (opermicus 'l e



Next CAMS global system (IFS cycle 43r3, expected mid-September)

e Updated aerosol optical properties (esp. for organic matter)

e Further adjustment of sulphur cycle oxidation and deposition

e Correction of sea salt sedimentation rate

Europe’s eyes on Earth




Atmosphere

Monitoring e  Ammonium nitrate

e Coupling with gas-phase chemistry

e Updated online sea-salt and dust emission schemes

e Online-calculated dry deposition velocities

e Sub-grid-scale volcano heights for outgassing SO, emissions

SSCECMWF ( opernicus |
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Introducing nitrate and ammonium aerosol (Hauglustaine et al., 2014)

Atmosphere e Three new aerosol bins:

Monitoring

— Fine mode nitrate, partitioned with gas phase: uNo: +NH; « NH;NO;.

— Coarse mode nitrate from heterogeneous reactions of HNO, over
calcite (dust) and sea-salt particles: HNO:+NaCl— NaNOs +HCI,

— Ammonium 2HNO3 + CaCO3 — Ca(NO3)3 + H2COs.

e Simulated 2-7 pug m3 in polluted areas, generally overestimated
compared to EMEP and AIRBASE

e Improved PM10 and AOD scores over Europe

Samuel Remy
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Atmosphere
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Atmosphere
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Atmosphere
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A new sea-salt scheme: Grythe et al. (2014)
e Replaces older Monahan et al. (1986) scheme

[ Emis. /Tg [ M86 | G14 |
0.022 0.033
ETP 1928  1.462
ETE 2344 3637
273 1361

Old scheme (M86) ~ Newscheme (G14)

e Wind scaling varies on particle size
e Emissions increase with SST
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PMx over Europe, and evaluation
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‘ A new dust scheme: Nabat et al. (2015)

atmosphere @ Replaces older Ginoux et al. (2001). = I - ‘
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Atmosphere  ® Replaces fixed deposition velocities for each
Monitoring . .
species and surface type (land/sea/ice)

e Adaptation of Zhang et al. (2001) computing
online dry deposition velocities from:
— Particle size
— Friction velocity
— Roughness length

e Important diurnal and seasonal cycle of dry
deposition velocities

e Positive impact on European PM10 and

AERONET scores June 2014: dry deposition velocities for sea-salt

samuel Remy bin 1 (top), 2 (middle) and 3 (bottom), in m/s.



( Other technical and changes

Aerosols included in global mass fixer (43r1)

Diagnostic outputs at step 0: AOD (43r1), PMx (43r3), many more
(45r1)

Ground-based lidar backscatter available (43r3)

Europe’s eyes on Earth



Downstream CAMS products

MACC Aerosol Forcing derived from MACC

ly Mean

Monthi y 2003
Anthropogenic SW direct forcing at TOA allsky [ Wm-2 | min=-6.602 max=0.813 mean=-0.537

Aerosol alerts

CAMS B4 MODEL EVALUATION INTERFACE
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AEROS0L ALERT MAP
Daily mean Aerosol AOD simulated
as being significantly larger than climatology
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( Updated IFS aerosol climatology using CAMS interim reanalysis

Atmosphere M

Aerosol burdens from CAMS
interim reanalysis 2003-2011.
Old operational climatology
from Tegen et al. 1997
climatology

Impacts mostly on mean T
biases and gradients (largely
from SW absorption). Small
impact on large scale anomaly  AOD @550nm
correlation and local

circulations.

Alessio Bozzo & ECMWEF ( opernicus [
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Scatt. Coeff. (RH=50%) (1/Mm) FC-OBS Bias @550nm. Model (gndi) versus ACTRIS.
1-31 Dec 2016. FC hrs: 00Z. Steps: T+3 to T+24

80°N

30°N

Sample
-20 Size

40 @500
@ 100
@ 300
0 @ 200
-100 e 100

120w s0"W o 60°E 120°E

Comparison of model (gndi) and ACTRIS @550nm (1/Mm) over
Melpitz (51.53°N, 12.93°E). Model: 00UT, 1-31 Dec 2016, T+3 to T+24.
© ACTRIS — Scatt.Coeff.(RH=0%) —— Scatt.Coeff.(RH=50%)

Julie Letertre-Danczak

AE€TRIS

e Comparisons have been
performed between
scattering coefficient at 550
nm from the model (C-IFS)
and measurements at the
surface (nephelometer).

e Some problems linked with
the topography have still to
be solved.

http://atmosphere.Copernicus

.eu/charts/cams_actris_deliver

able/
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Aerosol detection and AOD at 10 microns

e Aerosol information for screening of
the hyperspectral infrared instruments
(AIRS, IASI A/B & CrlS) is needed for a
successful clear-sky radiance
assimilation

* Information can be extracted via the
process of screening such as AOD at 10
microns (done) and altitude (under
investigation).

Time Averaged Map of Aerosol Optical Depth 550 nm (Dark Targe!) daily 1 deg. [MODIS-Terra MODO08_D3 v051]
over 2015-05-14, Region 180W, 50, 180E, 90N

Red dots : aerosol detection

Total Aerosol Optical Depth (ECMWF OPS) METOP-A/B IASI)
IASIMETOP-A new aerosol detection _date=2015-05-01 00:00:00 00z and 12z _
14 May 2015
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CAMS Aerosol Data Assimilation
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AQD observations per 12 hours
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‘ Aerosol Data Assimilation updates

AQOD observations per 12 hours
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‘ Mean AOD (14/11/2016-18/12/2016)

mosphere  MODIS/Terra (collection 6) MODIS/Aqgua (collection 6)
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‘ Mean AOD (14/11/2016-18/12/2016)
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MODIS/Terra (collection 6) MODIS/Aqgua (collection 6)

3rE B0°E S°E 120 1SPE 180PE 1S0PW 120°W S0PW BIPW 30°W 30 BIrE 120°E 1S0°E 180°E 1SPW 120°W 90°W B0PW 30°W

tE W E_G0E o
e L
il

0.43 ——-:;?_._,_..‘(E—
B0°N x LX) 80N =
- 0.39 s '

- v d 0.37 4

ﬁ'ﬁ = h 0.35 %{S x
3N i) el 0.33 30N

... 0.3
A 0.29 el
b

0.73

= 0.45

3 : .| = 0.43

S N 60N 041

e . - . 3 v R 0.39

L 2 e P = 0.37

_A ) . 1y o T 0.35

! - e 3N 0.33

| cpa sl x B - : e 0.31

: 3 " 0.29

0.27 o o ; | o 0.27

0.25 w s b 0.25

0.23 1 AL i 0.23

0.21 g AR i 0.21

0.19 s 0.19

017 s s 017
0.15 ] é}

%

0.15
L 0.13 &’ i 0.13
- - - 0.1 e = ] P .11

60°s T L 60°s T P Gl T s
- = U - - b s T 009 e Tk = T AR ot I I TR - 0.09
- = ] & | = _,__...-—:_.ge-—‘é — 0.07 = _,_,_...--\_\_.B-—‘é —— 0.07
== PR 0.05 < =~ P 0.05

e e =
som %;

Generally higher AOD values for collection [ =" =% = & - owE R 'ﬁfﬁ | Slightly lower AOD values for collection 6
6 from MODIS/Terra than collection 5 n 5) MODIS/Aqua (collection 5] from MODIS/Aqua than collection 5
E 150°'W  120°W W 0w 30w 30°E [ 90°E 120°E. 150°E 180°E ™
e g o T i, e T
§us
=
Gt

Results shown for Collection 5 and 6 NRT MODIS data (14/11/2016_18/12/%@CMWF Gpemicus

E B0FE 9°E 120°E  150°FE 180°E  150FW  120°W  907W BOTW 307
- European
Europe’s eyes an Earth Commission

-l

ke L, - T .

B T o e e [ b ]
- T

3rE 6°E WPE 120°E 150°E  180°FE 150°W  120°W  90°W 60°FW  30°W




. Assimilation test of Collection 6 AOD

MODIS/Terra

~_ MODIS/Terra
collection 6 obs
higher than
MODIS/Terra
collection 5 obs

Dec MODIS/Aqua
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‘ Assimilation test of Collection 6 AOD

MODIS/Aqua

MODIS/Aqua
collection 5 obs
higher than
MODIS/Aqua
collection 6 obs
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‘ Assimilation test of Collection 6 AOD

Collection 6 analysis
F model state

| Collection 5 analysis
model state

MODIS/Aqua

Collection 6 analysis
model state

Collection 5 analysis
model state
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( Assimilation test of Collection 6 AOD

MODIS/Terra
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Aeronet verification
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nitoring 1.8 1 RMS error Collection 5

1.8 Collection 6
1.4 1

1.2 1

1
0.8
0.6
0.4 A

0.2
o

14 16 18 20 22 24 26 28 30 2 4 6 8 10 12 14 16 18

Nov Dec K K K
e Very little difference seen in the error
0.4 { FC-OBS bias or the bias for measures more

0.3 - influenced by the large scale

0.2 A
0.1 1

s L R U A T

-0.3 -

-0.4 -
-0.5

14 16 18 20 22 24 26 28 30 2 4 153 8 10 12 14 16 18 I ~ European
Nov Dec Commission




150°W 120°W 90°W

MODIS/Terra

MODIS/Aqua

150°W  120°W s0°W

oen |

150°W  120°W E BO*W 3W 0E I°E B0°E S0°E 120°E 150°E 150°W  120°W 90°W 80'W 30w 0°E 30°E B0°E S0°E 120°E 150°E

ults shown for PMAp V2.1 test data (1/2/2015-31/5/2015) £ ECMWF ((opemicus

Eurepe’s epes an Earth

European I
Commissian



osphere  PMAp-A

T H 150°W  120°W W 0 O°E E E E  120°E__150°E
nltorlng 50 90° [ W 30 60 90° 507

269

105

el 1.00
o 095

[ 0:30
085

0.80

30°N 075

0.70

065

on

biased high over the oceans

; 30°5

P

035
0.30
0.25
0.20
0.15
0.10
0.05
0.05

0°5

Jpe—
==

=
150°W  120°W B0EW 60*W £ 0°E 30°E B0°E S0°E 120°E 150°E

MODIS/Terra MODIS/Aqua

150°W  120°W s0°W BOW ;W E E B0°E S°E 120°E 180°E

110
y 1.05
- 1.00
o s F - i D95
B g . HEE 090
. 085
" Fg 2 0.80
30°N = 075
- fe. 0.70
! 065
- 060
0N 7 055
: > 050
5 " . N

- L : i

308 30°5
A " o - g.g
A ;i - N 035
020
60°5 T 0.15
E#Q‘EE 0.10
=== 0.05

150°W  120°W 90°W B0°W 30w 0°E e B0°E 9°E 120°E 150°E

150°W  120°W 0°W 60*W 30°W
o T
s ?
e Tk i
G0N s 5 T
¥
\\. ray
30N -
~ . T
0°N - T = [
30°s [
|-
S
60°5 -
[ R "
T
== P
TS0W  120W  S0UW  BOW  30°W 008

Results shown for PMAp V2.1 test data (1/2/2015-31/5/2015)

c ECMWF Opem|CUS :;é- \ European

Europe’s eyes an Earth Commission



@ Mean AOD (1/02/2015-31/05/2015)

nosphere  PMAp-A PMAp-B

énitoring 1S0W  120W  S0W  60W  30W  O°E  M°E B0E  S°E 120°E 150°E - 1509 120°W  SPW  BIW  30°W WE 120 150°E
- : — 269
= 105 ; 1.05
e SR 1.00 . R 100
et 0N gﬁ 60°N ﬁg s 2t 0N gﬁ
085 0.5
I 0.80 o 0.80
; o om0 o S 5 30N o7
% 0865 ” S % 0.65
- g‘: N e e
I = > ) . . . .
2 o &, _ PMAp-B is biased high over the oceans
; z X 0.40 . ;
308 % g 305 g:: 30°8 H(g } 30°6 g:g
. =l o h 025 L 025
O e I ol . . - = e 80°S gfg 60°8 g L R - s gfg
oo l——“*”“—"_—,gg fﬂ,ﬂjwvmﬂ-—ﬁz oy
= coe e = 008
. . 0.05
150°W 120  9°W  60°W  30°W  0°E  30°E  60°E 9 ngh PMAp AOD over Hlmalayas W OE  G0°E  B0°E  90°E  120°E  150°E

MODIS/Terra MODIS/Aqua

_150°W 120°W  90°W  B0PW  30°W 0E 3°E 60°E 90°E _ 120°E _ 150°E 1507w 1200W  80°W BOCW  30'W E °E 60°E S°E 120°E 150°E

[I— 113 . [ | — 10
___c=nk P2 e U - 198 g p; = %;% :
F=g E%\Kﬂ = - - = e oe N S P =8 \KH” s ar w § e oN |‘J£
60N " = T s 0N 0.85 60 == —r - Pl ] (3]
. 2. h e T ey ¥ 080 \ TG L . H P 0.90

b : il . i, 0.85 £ = g [ 085

\ L ﬁﬁw’fhﬁ =1 e s é’@%xﬁy W 080

30N : = o 30N 075 30°N = 5 30N 075

. v i 070 ~ o

N ) STy 2 L “\.\( om e Q v“\\{ Y 065

b 060 . 060

0N ~ [ L ooN 0.55 0N i = ull" 0N 0.55

- 050 : e 050

0 e - - o : o

040 040

30°S b . o 0.5 s . 308 035

R U 0.30 - 0.30

: 025 025

- 020 020

g r—— - e 0.18 e il 0.15

010 010

_— oo = o
005 = )

150°W  120°W  90°W  B0W  30°W  (°E  30°E  60°E  O°E  120°E  150°E T50°W  120°W  80°W  BOW  B0°W  O°E  B0°E  60°E  @°E  120°E  150°E s

Results shown for PMAp V2.1 test data (1/2/2015-31/5/2015) & ECMWE opemicus - :::_ ol

Europe’s eyes an Earth Commission




@ Mean AOD (1/02/2015-31/05/2015)

osphere  PMAp-A PMAp-B

H : 150°W 120°W 90°W  B0W  S0W  (°E  G0°E  BO0°E  S°E  120°E  15C°E e
ﬂltorlng snt 150W  120°W 90°W  BOW  30°W  (°E S0°E G0°E  90°E  120°E  150°E
- 1.05 -
e _ ||
] B

z High PMAp AODs in areas of high emissivity

CE-Am L I— s B ~

pizia

()
.

y i

269
e ™ 1.
P e =
LY = LI g 0N 095
[
30N

~

] 070 .‘i?hb E
B, ™

Rl s

. ]
s s 0] 055 0N
i N 050
|

PMAp-B is biased high over the oceans

035 30°8

035
0.30
0.25
0.20
0.15

H{dl }30‘*5

B . . P rel o " s ¥
W3 N 4 - 2 s 020 s L~ - R - 0°s
T g 1 1 by~ L
0.10 [ P T z

§

3
”@:\@#"f

N

- Py =

150°W  120°W 90°W BO0W 30w 0°E 3°E B60°E 5 High PMAp AOD Over Himalayas 30w 0°E 30°E B0°E S0°E 120°E 150°E

MODIS/Terra MODIS/Aqua

150W  120°W  90°W  BOW  30°W  (°E  30°E  60°E  O0°E  120°E  150°E (o TSOOWTR0W.SOWBOW 80w B MPE G0E S°E 120°E 1S0°E

| 113 —E J:f | - :Eig
oszE =T = 1.08 3 P . ;
— < e 1.00 e ﬂ”—/ - . 1.00
o [T W%ﬁ gy L i on BEETE SRS T o [ i

by =

Rm | B o, i omA | FedSe| ]

30°N - — 30N 0.75 30°N X ﬂé 30N
) - . T ; . S
b Yor A m a2 \;ﬂ\{ 1
sl _ 060 :
. I, o ™ = ".h
. 3

0°N

)7
=k
pr

g "k 045 g o Yis
30°5 [ ; 5 80 0.35 20°8 - . s

50°5 | X s g:fg 60°S : i

-F 0.05 ===

150°W  120°W S0°W B0*W 30w 0°E rE B0°E 90°E 120°E 180°E 150°W  120°W 90°W

@
<

“W 30w 0°E e B0°E 9°E 120°E 150°E

Results shown for PMAp V2.1 test data (1/2/2015-31/5/2015)

a ECMWF Operﬁ|cus :- European

Europe’s eyes an Earth Commission




(7} Impact on analysis model state
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7 N Bias correction fields
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7 B Bias correction fields
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7 B Bias correction fields

mosphere  PMAp-A
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7 B PMAp observation error

tmosphere AOD OBS ERROR - PMAP A
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( What happens if we only use PMAp?

MODIS only MODIS and PMAp
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‘ What happens if we only use PMAp?
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‘ What happens if we only use PMAp?
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Atmosphere

vonitoring 1. Data Assimilation methodology
. Work planned to incorporate the GLOMAP model in to the data assimilation
system

. Work to make the LIDAR data assimilation operational (Angela Benedetti and Julie
Letertre-Danczak)

. Assimilation of aerosol radiances (Angela Benedetti and Julie Letertre-Danczak)

II. Assimilated Observations

A. AOD retrieval observations
. Sentinel 3 —ideally by the end of the year
. VIIRS — work in progress

. SEVERI — Although EUMETSAT do not plan to provide a NRT AOD product, other
groups are looking at this.
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( Future and Ongoing Work

B. Backscatter observations

A o B R A B Ao

“° CALIPSO backscatter

e CALIPSO and Aeolus satellite LIDAR data
(Angela Benedetti)
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e Afirst attempt of assimilation for ground based LIDAR has
been done for EARLINET data (July 2012) — work in progress
* Ground-based observations will be used as anchor to
correct satellite lidar data from CALIPSO in the variational
bias correction (varBC) framework.
(Julie Letertre-Danczak)
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CAMSRA: Mean Total AOD 550 for 2003
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 New reanalysis currently in the process of being produced by CAMS
e Will cover the period 2003-current day

e First data will be released in Autumn 2017 i

e Current aim is to have full data released in earlfEHNF (opemicus @ =
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5. SOA production scaled on non biomass burning CO
emissions

Commission



CAMSRA: Mean Organic Matter AOD 550 for 2003
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CAMSRA: Mean Organic Matter AOD 550 for 2003 CAMSIRA: Mean Organic Matter AOD 550 for 2003
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7 B Sulphate AOD — 2003 mean

CAMSRA: Mean Sulphate AOD 550 for 2003 CAMSIRA: Mean Sulphate AOD 550 for 2003
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MACCRA: Mean Sulphate AOD 550 for 2003
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Decrease in sulphate to compensate for
the increase in organic matter
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| Hotspots of sulphate in CAMSRA that don’t A Y N A A
exist in the previous reanalyses MACCRA: Mean Suiphate AOD 550 for 2003

Decrease in sulphate to compensate for
the increase in organic matter
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4. SO2 dry deposition velocities from SUMO

6. SO2 to SO4 conversion made more complex
7. SO2 to SO4 conversion e-folding time decreased
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Aeronet verification of Reanalysis - 2005

a.5
o.as | Global RMS error CAMS reanalysis
0.4 - CAMS interim reanalysis

0.35 - MACC reanalysis
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